Electricity

AS Physics = Topic 9

A-Level Physics

What we will cover
1 Current and charge
2 Potential difference
3 | Electrical power
4 | Resistance & Ohm's law
5 | Sensors: LDR & thermistor

6 | Recap

Current and charge

Charge and current

L Current and charge

Electric current

Current Hjji is a flow of charge
carriers Z[ i T.
= metal: conduction electrons £+
m electrolyte: positive & negative
ions &7
Conventional current flows the way posi-

tive charge would — opposite to the elec-
trons in a wire.

conventional current /

-—

electrons drift this way —

-0 >0 >0 >0 >0

Charge is quantised &F1{/: every free charge
is a whole-number multiple of the elementary
charge E7 7 e=1.60 x 10719C, Ia
measured in coulombs 1. Current &3 is
the rate of flow of charge past a point:

I=—, Q=
t area = Q

A for 2.0 min

Q@=0.50 x 120 =60C,
N= Q/e~ 3.8 x 10% electrons

1
2 g etq petq otq
g g tq -Hq

(a) positive carriers drift with [

0 ===70

(b) electrons drift against 1

I=Anvq

A is the cross-sectional area 1#E 7R, n the
number density £ & of carriers, g their
charge and v the drift velocity ;Z%i% & .

A thinner wire at the same / needs a faster
drift. In series F3Ef, /is the same every-
where, so nv must change to compensate.

2

Copper, A= 10"5m?,

v~ 3.7 x 107" ms~! — under 1 mm per
second




ifference and power

Potential difference and e.m.f.

POtential differ nce and Voltage i % is energy transferred per unit charge, measured in volts {;45:
power V= VEV M=v=JCcL
e.m.f. EZj# p.d.

energy given to the charge

ener, iven up to a component
by the source gy g P P

LPotential difference and

Electrical power

. V2 -
PeVI=FR=T% P=vi Resistance and Ohm'’s law
Pick the form for the quantities you

know. substitute V = IR substitute | = ‘7;
Kettle “Z V2
I=P/V=10A, R=\2/P=24Q P=FR P===

and Ohm's law

Resistance and Ohm's law

I~V characteristics

R= L// [Rl=Q=VA~L

Ohm'’s law: [ o< V at constant temper-
ature — then R is constant (a straight

-V line). ._. ) g3 e Lo v v v
hew B BN g EE s
man
R = V/I defines R for any component; only ain £ :: = :: 'l-"

ohmic ones keep it constant. A metal's metal: straight Jamp: R rises
resistivity rises with temperature — more lattice \

l diode: switch-on
| | |
vibration %7 scatters 4 the | \ [ (
|
| i
I

A hotter filament lamp XT42)T;f has more resistance; a diode —#};% conducts only above
electrons. An insulator 445 {f sits near

~0.7V.
10" Qm. ’




L Resistance and Ohm'’s law

Characteristic 1 — a metal wire

LResistance and Ohm's law

Characteristic 2 — a filament lamp

Straight through the origin: R is constant, so the wire obeys Ohm's law (provided
its temperature does not change).

current /

potential difference vV

ohmic: V=IR - gradient = 1/R (fixed T)
|

The curve bends over: as the current heats the filament its resistance rises, so
equal steps in V buy less and less current.

current /

potential difference V

filament: R rises with T - gradient =1/R

LResistance and Ohm'’s law

Characteristic 3 — a diode

Electricity

L_Resistance and Ohm's law

Resistivity

current |
A semiconductor
diode 5K~ 1}% conducts one
way only, and only above about
0.6V.

i diode: conducts above =07V - reverse blocks

switch-on voltage
=07V

In reverse the current is negligi-
ble until breakdown — which is

why a diode can turn a.c. into
d.c tential difference V

same area A — twice the length gives twice R R= &L

A

I:] resistance R p is the resistivity F[E% (a material

PE— roperty, Qm).
length L property )

: resistance 2R

T lengthor (1.7 x 1078)(2.0)
R=~—""— 227 _020Q
1.7 x 10-7

R L

and Ohm's law

_pL

resistance 7

resistance 2
L L twice the area
= half the

area A Jgpistance
resistance 217 area 2

resistance 312
2L

twice the length = twice the resistance

L

Twice the length, twice the resistance. . X
Twice the area, half the resistance.

p is the resistivity F1[H 3, a property of the material alone, in Qm; R also depends on
the shape.

Sensors



LSensors

Two words the definitions turn on

1000
The electromotive force F Zfj#% (e.m.f.) of a source is the energy

LDR: more light = lower R NTC: R falls as T rises E.m.f. given per unit charge by the source; potential difference is the en-
g < ergy delivered per unit charge to a component.
< 3 5
[ I Put a thermistor or LDR in a potential divider 43 JE 25 and the
8 2 Potential divider output voltage changes with temperature or light — the standard
) B . . .
H 4 sensing circuit.

Two resistors in parallel 7FEf across the same voltage i [E: the

I llel
01l | s smaller resistance takes more power, since P = V2/R.
0.1 10 100 1000 10000 0 10 20 30 40 50
light intensity / lux temperature / °C
LDR S8 R falls as light rises thermistor 3GFAE: R falls as temp. rises

E.m.f. and p.d. share a unit and a symbol but not a meaning. Say “per unit charge” in both
definitions, and name which way the energy goes.
Both are semiconductors: light or heat frees more carriers, so R falls — the oppo-

site of a metal.

Exam tips

m Use I = Q/t, V= W/Q (energy per unit charge) and P= VI= PR= V?/R.

= Ohm’s law (V = IR) applies only to an ohmic conductor at constant temperature
— a filament lamp is non-ohmic.

m Sketch and interpret the -V characteristics of a resistor, filament lamp and
diode.

m An LDR's resistance falls with light; a thermistor’s falls as temperature rises.

Topic 9 — key takeaways Check yourself

o Charge passing in 10s at 2.0A? /

° Current e Power

I = Q/t = Anvg; conventional = P=Vi=FPR=V?/R
positive flow

o Three forms of the power equation? .
ohmic

o Why does a filament lamp's -V line V4
curve?
Resist S
e esistance o ensors o What happens to an LDR's R in the

R = V/I = pL/A; Ohm's law if T LDR and thermistor: R falls with dark?
constant light / heat

| Answers 1.Q=/t=20C 2.V, PR, VA/R 3. Rrisesasitheats 4. rises (to MQ)




